Background
System-level challenges for sustainability such as climate change, resource use, and inequality are increasing the pressure on businesses to address sustainability through significant changes in their everyday business operations and behavior. The World Business Council for Sustainable Development [50] in its Vision 2050 spells out the "must haves" for a sustainable society, including internalizing the costs of externalities (carbon, ecosystem services, and water), doubling agricultural output without increasing land or water use, stopping deforestation, and increasing existing forest yields.
The way businesses think and operate needs to change considerably to address such systemic challenges. In particular, collaboration across a wider set of stakeholders in the industrial system is necessary to deliver sustainability. A sustainable society cannot be achieved if individual agents advance their own interests independently [23] . Decision-making on sustainability involves value judgments and ethical considerations -social, economic, and ethical analyses may be used to inform these value judgments and take into account a range of forms of value, including human well-being, cultural values, and non-human values [23] . As Krantz [26] proposes "companies will need even bigger changes, including new business models, greater trust, and greater stakeholder engagement" based on a "long-term vision" for pursuing sustainability.
The framework of a "business model" might provide a structured way for sustainable business thinking by mapping the purpose, opportunities for value creation across the network, and value capture (how to generate revenue) in companies. Various tools, such as the business model canvas [33] , assist in the design and innovation of business models, whereas others assist in part of the innovation process for business models (e.g. eco-design and eco-ideation tools; [2, 5] ). However, for sustainable business model innovation, a wider range of stakeholders, including environment and society, and value creation, needs to be considered [6] . A value mapping tool was developed to assist in the design of sustainable business models, by considering different forms of value exchanges for a range of stakeholders as part of the business model [6] (Figure 1 ). Although business model (re-)development is a core component of sustainable business transition, it only addresses part of the transformation.
The multi-stakeholder perspective on value as expounded in Freeman's stakeholder theory [18] embedded in the value mapping tool is considered to be powerful and may have relevance to other aspects of business planning, but to date, there are very few practical tools offering such an approach. Business model transformation is a top-level planning activity; yet, to achieve most impact, consideration of value throughout business operations planning activities is also required.
This research seeks to extend the use of value mapping to other areas of business planning that are important determinants of positive sustainability outcomes such as product and process design, which are not typically included in the business model planning process. As such, this research investigates how the value mapping tool might be used more broadly to facilitate "sustainable business thinking" -an approach to integrate social, environmental, and economic sustainability into business thinking and operation, in a manner that generates shared value creation for all stakeholders *Corresponding author. Email: nmpb2@cam.ac.uk including the environment and society. This is investigated by reflection on the tool's use in different workshop contexts. The research question this study addresses is How might value mapping as a tool and process be used for sustainable business thinking.
Literature
The linkages between the key concepts -sustainable business thinking, sustainable business model innovation, shared value creation (multi-stakeholder), and the value mapping tool are discussed in the following sections. This section aims to illustrate how these key concepts facilitate or support sustainable business thinking. Figure 2 visualizes the connections between these concepts. Sustainable business thinking, as defined in this study, is a way of thinking in which businesses are viewed as a positive force, which contributes to society and environment while generating a profit. Sustainable business model innovation represents a subset of sustainable business thinking, which, building on Boons and Lüdeke-Freund [8] , is described as innovation to the way business is done by creating a competitive advantage through superior customer value while contributing positively to the company, society, and environment while minimizing harm. Value mapping is an approach for ideation and analysis for sustainable business model innovation involving mapping the value captured, missed and destroyed and new opportunities for a range of stakeholders. It is an approach to identify failed value exchanges to develop new opportunities.
Clarifying the value logic of doing business, and integrating stakeholder concerns including (society and environment) in the thinking process, is expected to not only be useful for sustainable business model innovation, but also for wider sustainable business thinking. Figure 2 illustrates the relationship between the concepts, and the dotted area of the value mapping shows the potential extension of the tool for broader sustainable business thinking.
Sustainable business thinking
Significant shifts are required in the way of thinking by aspiring entrepreneurs, existing managers in businesses and the new generation of business managers, designers and engineers who will think about and develop solutions. It requires a change in thinking about business that seeks to integrate consideration of the three dimensions of sustainability -social, environmental and economic -(Elkington [16] ) in a manner that seeks to align positive value creation for all stakeholders including the environment and society at all levels and through all activities of the business. This may be referred to as sustainable [6] . Note: This version of the tool includes open spaces so that participants can use to add their own key stakeholders or elaborate on specific ones (e.g. society to be split up into "global society" and "local communities").
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business thinking -defined here as a way of thinking in which business is viewed as a positive force, which contributes to society and the environment, while still generating a profit. This shift in thinking and re-evaluating the role of businesses to integrate the triple bottom line and shared value creation into the way business is done has already been advocated by a range of authors (including Elkington [16] ; Ehrenfeld and Hoffman [15] ; Porter and Kramer [35] ; and Bocken et al. [7] ). The aim of this study was to address how this change in thinking can be stimulated.
Tools for sustainable business thinking and gaps
Various tools have been developed for product design focusing on environmental performance such as life cycle assessment (LCA; defined in [24] ), eco-design [2] and eco-ideation [5] . LCA addresses the environmental aspects and potential environmental impact throughout a product's life cycle from raw material acquisition through production, use, end-of-life treatment, and disposal, and includes the development of an inventory of inputs and outputs, potential impacts and an interpretation of the results [24] . In eco-design, the engineer's task includes selecting appropriate material, designing products for recycling, reuse and remanufacture, while management's challenge is to ensure that the different players such as raw material suppliers, recyclers, employees and consumers understand and achieve the environmental goals [2] . Eco-ideation is a process to generate ideas that help reduce the environmental impact of products across a product life cycle [5] . These tools can provide important background information (e.g. LCA, about the environmental impacts of products) or give people qualitative insights on certain aspects of product design (e.g. eco-design). However, with exceptions, tools such as LCA tend to be narrowly used on a limited range of parameters such as energy and carbon, rather than offering a holistic perspective for analysis embracing all stakeholder considerations, and particularly social dimensions. At the business model innovation level, tools such as the "business model canvas" by Osterwalder and Pigneur [33] have been developed, which give insights on the specific elements of a business model, but do not focus on sustainability necessarily. The focal point of the business model canvas is the value proposition for the customer, and limited stakeholders (i.e. those in the supply chain such as partners and suppliers) are considered. However, stakeholders such as "society" and "environment" are excluded from the canvas.
To conduct stakeholder analysis, several tools have been identified, such as stakeholder maps, actor-linkage diagrams and social network analysis (SNA) [37] . Stakeholder maps are visual mind maps, which show the main stakeholders in a system (e.g. industry), actor-linkage diagrams indicate types of relationships between stakeholders and can take the shape of visual maps, 
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Venn diagrams, matrices and tables, and SNA aims to model patterns in relationships between actors (e.g. a retailer and a NGO), which often takes a matrix format where each field shows the presence and type of relationship [37] . Although focused on stakeholder mapping, these tools do not necessarily help identify value creation for sustainability. A number of scholars have identified the need for more comprehensive tools to assist firms in embedding sustainability at the core of doing business: Robèrt et al. [39] provide a review of existing tools for sustainability, whereas Waage [49] identifies the need for holistic sustainability approach within the product design process and offers a framework for such integration. Allee [1] suggests the use of value network analysis (VNA) -improving firm performance by understanding the dynamics of value creation in financial and non-financial terms, including economic and societal impact. However, the work on VNA is still emerging.
The value mapping tool ( Figure 1 ) is considered as a tool for further exploration in this study, because it provides a simple and visually engaging format to help businesses create value for the company, society and environment from the core of their business and the network. It aims to provide a framework for companies to rethink their existing business models or design sustainable business models from the outset. As the business model connects various organizational functions (see Section 2.3), it is proposed that the tool can also be used more broadly for "sustainable business thinking."
Sustainable business model innovation
A range of authors views the business model as an important driver for (sustainable) innovation -see, for example, Teece [46] and Chesbrough [11] who investigated business model innovation, and Yunus et al. [51] , Johnson and Suskewicz [25] , Thompson and MacMillan [47] , Boons and Lüdeke-Freund [8] and Bocken et al. [7] who focus on sustainable business model innovations.
A business model conceptually describes how a company does business [29] . As Zott and Amit [53] argue, business models focus on the logic of how value is created for all stakeholders, not just how it is captured by the focal firm. Business models emphasize a system-level holistic approach toward explaining how firms "do business"; they show activities performed by the focal firm as well as by partners, suppliers and customers [49] . Business models are often perceived from a value creation perspective that focuses on satisfying customer needs, economic return and compliance [44] . For sustainability thinking, this focus is too narrow and raises the need for a more holistic view of value that integrates social and environmental goals, to ensure balancing or ideally alignment of all stakeholder interests to deliver "sustainable value" creation.
Sustainable business models consider a wider group of stakeholders than just customers and shareholders and explicitly consider society and environment as stakeholders [44] . They seek to internalize the benefits and harms to society and the environment by the way business is done. Sustainable business model innovation is concerned with innovation in the way business is done by generating competitive advantage through superior customer value while contributing positively to the company, the environment and society and minimizing harm (building on [28] ).
An example of a business model that might deliver greater social and environmental benefit is the car club model, where customers pay for a service to use the car, rather than buying and owning the car itself [21] . Cars are accessible to those who could previously perhaps not afford this by changing the value proposition (product/ service), value creation (e.g. "making cars available" through a service rather than selling them) and value capture (pay per hour of use). The fact that customers need to pay per use may make them think before they use the car and subsequently reduce their car usage [21] . Car sharing models may deliver better utilization of cars and so reduce need for construction of new cars, further contributing to mitigation of environmental impact.
The connection between the business model and organizational functions
The business model provides the conceptual logic, which connects functional activities in a business such as finance, marketing, R&D, procurement, product design and manufacturing to one another [33, 52] . Business model innovation for sustainability can drive innovation across internal business functions, across supply chains and, on a broader level, across industries. Figure 3 offers a conceptual framework for a sustainable business model, which shows the interconnectedness, including the value proposition (benefits or product/service offering to customer and society and environment, customer segments and relationships), value creation (resources, suppliers and other partners who help create value) and value capture mechanism (cost structures and revenue streams, value capture for society and environment).
Innovation for sustainability more generally needs to capture the challenges of a complex context and span across company boundaries [45] . Szekely and Strebel [45] describe three types of innovation, which show the linkages between innovation for sustainability and business functions: incremental innovation (novelty at the product, service and process level), radical innovation (wider sphere of activity and closer interaction with suppliers, regulators and other stakeholders), and game-changing innovation (profound transformation of the practices, structures and the very aims of business). Value is no longer created by firms acting in isolation, but by firms acting together through informal arrangements or formal 70 N.M.P. Bocken et al.
alliances [3] . Porter and Kramer [35] discuss the "shared value creation" concept, which "focuses on identifying and expanding the connections between societal and economic progress." They highlight the need to reconceive and innovate products, markets and value chain activities to broaden the "value perspective." Moreover, innovation is not restricted anymore to corporations: "everyone" can become an entrepreneur in new peer-to-peer models such as peer-to-peer lending [e.g. 19], home rental [22] and car sharing [21] . In the most impactful sense, innovation for sustainability transforms infrastructures and the very premises of the way business is done. This is especially the case for more radical and game-changing types of innovation, which involve multiple stakeholders and fundamentally challenge the way business is done. It is recognized that innovation for sustainability should occur at multiple levels of an organization from the strategic level down to the details of manufacturing systems and product design [1, 49] . These levels can be integrated within the overarching context of the business model [45, 49] . For example, business model innovation for sustainability is clearly linked to areas such as sustainable manufacturing and design, which are at the core of manufacturing organizations. Sustainable manufacturing as described by Rashid et al. [36] is characterized by strategies such as waste minimization, material and resource efficiency and eco-efficiency, the latter being defined as creating more value with reduced waste, resource use and toxicity [40] . Eco-design adopts a life cycle approach to tackle the greatest impacts across the product's life cycle, whereas sustainable design takes a holistic approach, including concerns for ethics, dematerialization, empowerment, sharing, as well as eco-design [14] . This demonstrates the connectedness of innovation for sustainability across organizational functions and levels.
For sustainable business thinking to become more widespread in companies, it needs to become an integral part of doing businesses, integrated throughout all the activities of business.
The value mapping tool and process
A value mapping tool has been presented in the literature to assist in providing a systemic approach to the generation of new business model ideas for sustainability that uses a multi-stakeholder perspective and explores both positive and negative forms of value creation. It aims to help companies align value creation for all stakeholders including the environment and society at all levels and through all activities of the business. The value mapping tool was developed to assist in sustainable business modeling and aims to assist users in:
Understanding the positive and negative aspects of value in a network of stakeholders. Identifying conflicting values (i.e. where one stakeholder benefit creates a negative for another stakeholder). Identifying opportunities for sustainable business model redesign -especially to improve societal and environmental impact -based on qualitative value judgments.
The value mapping tool takes a multi-stakeholder perspective and considers different forms of value. It considers multiple forms of value: value captured, value missed, value destroyed, and new value opportunities [6] . Value captured represents the positive benefits delivered to stakeholders (i.e. the value proposition for multiple stakeholders). Value missed represents cases where stakeholders fail to capitalize on existing assets, capabilities and resources, are operating below best practice or fail to receive benefits they seek from the network. Value destroyed is negative outcomes of the business (sometimes referred to as "negative externalities"; see Chertow and Ehrenfeld [10] ) and concerns the damaging social and environmental impacts of business (e.g. overuse of resources). Ultimately, firms will need to go beyond "damage control" and seek out new value creation opportunities to deliver novel solutions to social and Figure 3 . Conceptual sustainable business model framework. Note: Source: adapted from Richardson [38] , Osterwalder and Pigneur [32] , Bocken et al. [7] and Short et al. [41] .
Journal of Industrial and Production Engineering 71 environmental problems that begin to address the wider sustainability challenges directly [see e.g. 22]. The multistakeholder approach of the tool seeks to identify and reduce conflicts and trade-offs between different stakeholder groups and assist in better aligning positive outcomes for all stakeholders. This approach is crucial for understanding and exploring sustainability and can and must be applied at all levels for successful sustainability innovation: it does not only concern strategy-making but also needs to involve product designers and production engineers who design the products and processes for sustainability.
The value mapping process typically consists of four simple brainstorms: Before the session, there may be an introduction on sustainability (depending on the background knowledge of participants) including some inspiring examples of how other businesses have pursued business model innovation for sustainability. After the brainstorms a selection process might take place to decide upon the best options to pursue by the organization. Appendix 1 includes illustrative examples of value destroyed, missed, and new opportunities to help populate the tool. The process is discussed more fully in Bocken et al. [6] . Although initially developed for generation of new business model ideas for aspiring and existing businesses, the authors propose that the value mapping tool may be used for wider purposes of "sustainable business thinking."
It should be noted that the value mapping tool has a few limitations, which include the following: it is mainly suited for qualitative assessment and it has mainly been used for initial assessment of value, and not for in-depth analysis.
Research method
This study investigates the following research question: How can value mapping as a tool and process be used to enhance sustainable business thinking?
The method is visualized in Figure 4 . The method is based on reflection on experiences of using the value mapping tool with practitioners through workshops and discourse with practitioners on using the value mapping tool. Observations, complemented with a workshop evaluation schedule (available upon request), were used to collect data.
First, feedback from use of the tool in former workshops described in Bocken et al. [6] , and a range of discussions with practitioners who have adopted the tool, led to the notion that the tool could be used for wider sustainable business thinking. In this exploratory phase, the authors identified education, life cycle thinking and product/ process design and systems thinking as additional uses of the tool. Second, a total of 20 workshop sessions were conducted and analyzed to seek to test and validate new potential uses of the tool. These 20 workshops took place in Europe and the US between 2012 and 2014 (numbers 1-12 in Table 1 ). Subsequently, the experiences of using the tool with different groups -students, NGOs, start-ups and established small and large companies -were collated using a workshop evaluation schedule to develop the range of potential uses of the value mapping tool for sustainable business thinking. The experiences of using the tool were collected by the workshop evaluation schedule including queries on:
(1) The brainstorming outputs of the workshop (actual ideas generated) (2) Usability and effectiveness of the tool to capture sustainable innovation (3) Additional opportunities for using the tool (4) Any other feedback by the tool users Finally, the workshop evaluation schedules were scanned in particular to identify additional opportunities (points 3 and 4). This process led to the identification and preliminary validation of potential additional uses of the tool to assist in sustainable business thinking. These are shown in Table 1 .
Findings
The value mapping tool was developed as an idea generation tool in the business modeling context, but appears to have potential other purposes which are presented in this section. Journal of Industrial and Production Engineeringexplored for multiple areas. It is suggested that the concepts of multi-stakeholder value creation, alignment of interests, a system perspective and understanding different forms of value (missed/destroyed, etc.) embodied in the value mapping tool can also be useful at the product/process level, the organizational level, the competitive positioning strategy level, the financial system level, and at institutional policy-making level. The findings from use of the tool in workshops are described in Section 4.1, followed by a brief case study in Section 4.2.
Findings from use of the tool in workshops
Through evaluation of the actual uses of the tool during the workshops, a range of potential uses of the value mapping tool for sustainable business thinking was identified and explored. These include the following:
(1) Ideation for entrepreneurs/start-ups who can design and refine their business model ideas (based on uses of the tool described in Bocken et al. [6] and sessions No. 1, 2, 3, 4, 6 and 7 in Table 1 ). (2) Ideation for existing companies, looking to reinvent or reconfigure their business models (based on uses of the tool described in Bocken et al. [6] and sessions No. 2 and 5 in Table 1 ). (3) Education -to help students consider sustainability dimensions of businesses more fully and more generally and raise awareness about the broader issues of business (un) sustainability (based on sessions No. 1, 2, 6, 7, 8 and 11 in Table 1 ). (4) Product and process design and life cycle thinking to get product designers to think more broadly about the range of stakeholders during the product design phase and process designers to consider the wider societal and environmental impacts of manufacturing (based on sessions No. 2 and 9 in Table 1 ). (5) Systems thinking to help participants think about the value captured, missed, destroyed and the new opportunities for "systems" around us (e.g. food, mobility, and housing) (based on sessions 2, 10 and 11 in Table 1 ). (6) Evaluation and screening of business model options to evaluate and compare potential business model innovations and strategies (based on sessions 4 and 5 in Table 1 ). (7) Collaboration with suppliers and customers seems integral to conventional business model (redesign). The tool could facilitate a high-level assessment of the value derived by different stakeholders from potential future collaborations. It can help draw out conflicts and create awareness of varying needs and objectives (based on session 3 in Table 1 ).
4.2.
Case study: education and rethinking business models This section includes a case study to present an example of how the value mapping tool has been used in practice. The value mapping tool was used in a product innovation management business community (Table 1 , session 12). The purpose was to introduce the concept of sustainable business model innovation and learn how to apply this concept. Figure 5 summarizes one of the subgroup's outcomes of using the value mapping tool with an imaginary example of baby strollers.
Feedback from participants included that the tool was "intuitive," "easy to use," that it was an "enjoyable experience," and it led to new ways of thinking about sustainability. Whereas it was only a short session (2 h), the participants felt that they experienced the challenges and opportunities of designing new sustainable business models or redesigning existing business models for sustainability.
Discussion: value mapping for sustainable business model thinking
Value mapping as a tool and process was originally developed for sustainable business modeling -helping companies rethink their business models for sustainability. The tool was developed based on the observation that companies seeking to operate sustainably need to consider and align multiple types of value generated, missed and destroyed for different stakeholders, including value for society and environment, before thinking about new opportunities to generate new economic value [building on , 7] . As mentioned in the previous section, the use of the tool and process at various workshops triggered the notion of its application for "sustainable business thinking." The additional uses were explored and validated through twenty subsequent workshops. The following sections discuss the potential uses of the value mapping tool for sustainable business thinking in greater detail.
Initial intended uses: Ideation for start-ups and
established firms This section includes the initial intended uses of the value mapping tool: business model (re-) thinking for businesses of different sizes and maturity. For start-ups, the tool could be used to encourage thinking about how to best design their business models so they are sustainable from the outset. In this case (especially when the start-up idea is not yet well-developed), it can be beneficial to look at related incumbent industries first. For example, a start-up in the food industry might benefit from first jointly developing value maps from wellknown brands before scrutinizing their own business models during a value mapping session. Start-ups in 74 N.M.P. Bocken et al.
particular may have difficulty in identifying their immediate customers (very often they focus on the end users) and articulating the benefits to them. Even if there are several relevant stakeholders (different customers, suppliers and partners), smaller companies may have only considered one or two. This tool helps them to identify and understand broader network of stakeholders. Established companies can use the tool to start the redesign of their current business models. In existing firms, it can serve as a useful tool to stimulate discussion, raise awareness, engage with the broader range of stakeholders and begin the process of changing perspectives. The challenge here is to identify actions for the short, medium and long term, because business model change in large incumbent companies faces significant barriers due to the institutionalization of existing mental models and physical infrastructures. As such, it is likely to be an incremental and often difficult transition process [12, 30] .
Additional uses of the tool
This section contains the additional uses of the tool identified in this research. In addition to the uses identified in Bocken et al. [6] discussed in Section 5.1, the tool was validated for the potential uses identified in the exploratory phase: education; product and process design and life cycle thinking; and systems thinking. Through use of the tool in workshops, it was also found that value mapping could also be used for business model evaluation and screening and collaboration.
Education -to teach students about sustainable business models
The value mapping tool can serve as a visual aid for experiential learning, where students apply concepts in real-life contexts [17] ; it may reduce dependency on the instructor by facilitating independent "problem-solving." Three potential ways to educate students about sustainable business models include interactive workshops, a case base method and a consulting exercise. First, similar to the normal ideation sessions discussed, an interactive workshop could help students to grasp the concept of sustainable business models. However, more time would need to be dedicated to what a sustainable business model is and why these are important to make students more familiar with these concepts, which have not necessarily been introduced in the classroom before. This is especially important for students who do not necessarily have a business education background (e.g. engineers, designers). Second, a case basedteaching method could be used, where students are first exposed to the material on what a (sustainable) business model is, and then what the concepts of value missed, destroyed and opportunities are. The case could be fairly simple: These simple questions can help students critically evaluate current business models and think about new ones. The full teaching note with questions for students to consider is available upon request by the authors. Third, the business case might be turned into a consulting exercise to help existing companies, which is recommended by Erzurumlu and Rollag [17] as a useful method to improve the usage of business teaching cases. These methods may be mixed, so that varied learning preferences and teaching objectives are catered for.
Product and process design and life cycle thinking
The value mapping tool can be used to encourage the exploration of life cycle impacts of a product, process or business model by evaluating value captured, missed, destroyed, and opportunities for different stakeholders. For designers, it might generate greater awareness of the potential impact of products, services and manufacturing processes. A key benefit of the tool in the product/process design and larger systems thinking context is the potential to better consider potential unintended impacts on external stakeholders: it can help reduce unintended consequences and rebound effects that can affect sustainability initiatives (e.g. biofuels compromising the food supply system) [43] . Secondly, it helps consider alternative solutions that offer greater alignment between stakeholder interests.
Rather than merely focusing on customer needs or production process efficiency (e.g. energy use) in isolation, the tool can give broader qualitative insights of the value created, destroyed and missed for a range of stakeholders without the need for a full LCA. The tool could encourage life cycle thinking or be useful in conjunction with LCA to gain deeper insights into the value missed, destroyed and opportunities at each life cycle stage. As such, the value mapping tool can be particularly useful for small-and medium-sized companies with limited time and budgets [9] . Compared to a typical LCA process or using detailed indicators (e.g. the Global Reporting Initiative), the value mapping tool might present a simplified and visually engaging tool. Potentially, the tool can also precede an in-depth LCA by exploring the positive and negative impacts of a company, or augment an LCA, by gaining insight on what the impacts of a LCA mean for different stakeholders at each stage of the product life cycle.
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Systems thinking
The multi-stakeholder perspective of the tool was found to be useful for wider systems thinking to consider the value captured, missed, destroyed, and opportunities through "systems" (e.g. food provision or mobility) for a range of stakeholders. This approach could be used to quickly assess the intended and unintended consequences of certain systems. During session 9 in Table 1 , a group of participants of an executive training course in sustainability used value mapping for systems thinking. The systems considered were as follows: mobility, food, housing, clothing, communication and cleaning. A simplified tool with three stakeholder segments was used: participants were asked to consider the wider impacts of these systems using the terminology of value destroyed/ missed and new opportunities for society (the collective societal benefits of a system), the environment, and the "customer" (i.e. a single beneficiary of the system), followed by a discussion on the impacts of this for the individual manufacturer (e.g. a food or clothing manufacturer). This exercise helped participants consider the wider impact of systems we rely on (e.g. food, mobility) and what the role of individual manufacturers would be within this. Finally, the tool was used for visioning exercises [13] to help a company engage with its stakeholders to create a joint future vision and the role of the business to contribute to this desired vision (this was done between the company in session 3 of Table 1 and its stakeholders). This enabled the company to take a systems perspective in doing business.
Evaluation and screening
The value mapping tool could be used for evaluation rather than ideation. The tool can give a general indication of the range of impacts of different business model innovation options, and serve as a first level of screening, before detailed analysis (e.g. financial, environmental) takes place. Although several qualitative and quantitative tools have been developed for evaluation in eco-design [2] , this tool can be useful for business model evaluation by allowing for comparison of different business model options and their impacts on stakeholders. It can be a way to accelerate the decision-making process on which business model innovation looks most promising.
Collaboration
Practitioners viewed the tool as a potential mechanism to evaluate the value derived by different stakeholders on potential collaboration and even a merger or acquisition. Collaboration is regarded as increasingly important activity for companies to succeed and tackle sustainability issues [4, 19, 27] , so this could be a promising use. 
Complementary tools
During some workshops, complimentary tools were used.
Complementary tools identified include: road mapping [34] ; the sustainable business model archetypes; EcoA-SIT [48] and the Business-Environment-Customer (BEC) diagram [31] and the business model canvas [33] . Road mapping [34] can assist the process of planning actions over time, because such visual aids allow people from various functional backgrounds to work together on a shared future vision and plan next steps. It was the main complimentary tool used during the sessions indicated as number 4 in Table 1 . Roadmapping has been demonstrated for product and technology evolution through to top-level strategic planning (e.g. Phaal et al. [34] ), and therefore, it is a potentially useful complementary tool for all of the identified uses of the value mapping tool.
Whereas roadmapping was used to give future direction to start-up teams, EcoASIT and the BEC diagram were used as initial creativity tools for designers, preceding value mapping, and so are more relevant to the product and process design. During the two sessions indicated as number 9 in Table 1 , the following tools were used: EcoASIT [48] , an eco-innovation tool aimed at stimulating life cycle thinking by providing system boundaries in the form of a nine-box matrix (past-present-future vs. sub-system, system and super-system), and the BEC diagram [31] , a Venn diagram, which shows synergistic opportunities at various intersections of "business", "environment" and "customers."
Exemplars, such as sustainable business model archetypes [7, 42] can be used to stimulate idea generation. During all sessions, at least two examples of existing sustainable business models were presented, building on examples from the sustainable business model archetypes framework [7, 42] .
Finally, the business model canvas by Osterwalder and Pigneur [33] and the business model framework in Figure 3 may be useful to map the business model elements that need to be changed (e.g. value proposition, activities and partnerships) as a result of the new business model idea.
Conclusions
"Sustainable business thinking" is a holistic approach to thinking about business that seeks to integrate consideration of the three dimensions of sustainability -social, environmental and economic -in a manner that balances or aligns value creation for all stakeholders including the environment and society at all levels and through all activities of the business. Figure 2 was introduced in this study as a conceptual framework, which links to concepts of sustainable business thinking, sustainable business model innovation and value mapping. It was included to support the view that value mapping might be a useful tool for wider sustainable business thinking, suitable for a range of functions across an organization.
How might value mapping as a tool and process be used for sustainable business thinking? This study has explored the potential application of the value mapping tool and process to encourage sustainable business thinking. The potential applications to stimulate sustainable business thinking identified by using the tool include the following: (1) ideation for start-ups and established firms, (2) education, (3) product and process design and life cycle thinking, (4) evaluation and screening, (5) systems thinking and, (6) collaboration.
As demonstrated in this study, the value mapping tool and process can be used in a range of ways for sustainable business thinking. The tool was found to be simple and visually engaging. The inclusion of multistakeholders and a systematic consideration of both positive and negative outcomes of doing business provided a useful supporting framework for sustainable business thinking. A key benefit of the tool in the product/process design and larger systems thinking context is the potential to better consider potential unintended impacts on external stakeholders and alternative solutions that offer greater alignment between stakeholder interests.
There are some limitations to the value mapping tool and process. First, the tool is largely qualitative in nature and does not allow for detailed quantitative analysis. However, as argued by the IPCC [23] , decision-making on climate change and sustainability involves value judgments and ethical considerations. This type of decisionmaking is evidently hard to approach with quantitative measurement. Second, the tool might be useful in conjunction with certain strategy and business modeling tools, for example technology roadmapping [34] , sustainable business model exemplars, such as business model archetypes [7, 42] or perhaps in conjunction with LCA. Third, the effectiveness of the value mapping tool and process is dependent on the facilitators and users. Appendix 1 provides some indication of examples of value captured, value missed, destroyed, and new opportunities to "de-risk" the facilitation process. However, industry-specific knowledge and facilitation (e.g. through LCA, market analysis and expert knowledge) might be necessary to improve the quality of the value mapping Journal of Industrial and Production Engineering 77 tool and process. It is argued that similar to other conceptual tools such as PEST and SWOT, the application by the users and facilitators to a specific context is crucial. Frameworks such as the one presented in Appendix 1 of this study and the facilitation guidelines referred to in Bocken et al. [6] might assist in educating users. Finally, the value mapping tool might be flexible and serve multiple purposes, but may not always be the best approach for each of these purposes, because specific specialized tools might be more suitable. For example, when detailed quantitative data are required on environmental impact of a product or service, an LCA will be more suitable than qualitative value mapping. Tool users are encouraged to take note of this, rather than regarding the tool as a "one size fits all" approach. Future research might look into exploring the potential of using value mapping in broader contexts of decision-making involving multiple stakeholders, such as policy-making and investigating "wicked challenges" -those challenges which involve multiple stakeholders and do not have straightforward answers (e.g. sustainable sourcing of raw materials and land use changes). In addition, future research may attempt to approach value mapping in a (semi-) quantitative way to better support sustainable business decision-making. Finally, future work may include further testing of the tool in a range of settings with different complimentary tools. This will help clarify what the best ways are to stimulate sustainable business model thinking through education, ideation, life cycle thinking, screening and strategy development. Future researchers are encouraged to develop further tools and frameworks, which facilitate "sustainable business thinking" within and across company boundaries.
